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This invention : relates ..to ;.: ^^fluorescent . lighting, :particur 
larly lighting systems or circuitry -for. use i : under, ithe se? . 
vere conditions; encountered : in = the cabins : of., high . alti- 
tude , transport aircraft 

Conventional fluorescent lighting systems,, eyen.jthose 
designed especially for aircraft use', exhibit certain char- 
acteristics -which do. not quite, meet established require- 
ments. Among other failings thereof may be': men- 
tioned the fact that their efficiency in low ambient tem- 
peratures is definitely, low. : For example, at 6*. F. their 
actual efficiency is only . i 8 % of rated efficiency, yet 
transport . aircraft often, fly in airrstrata: :the temperature 
of which is —50" F.: \ • 

. More significant, . perhaps," is the fact that, in an . air- 
craft cabin, the conventional fluorescent : lamp hot only 
is . a non-instantaneous starter, but . will "not . start /at all 
at any temperature * below about — 40°::-;J?..' 
. The average service, life, of such lamps is of the order 
of ,2500 hours, and about 74 of them are. required 
in each cabin, which facts ^necessitate all too frequent : 
replacement of : these lamps. , 

Controlled "dimming" of the:. : ordinary " fluorescent 
lamp is not practical, for if it is attempted to any 
useful extent, the lamp will extinguish. In any event, 
when the lamp is about to "burn . out;" it does - so in 
a prolonged series: of intermittent flashes which annoy 
the passengers. 

Again, as the wattage-capacity of the conventional 
fluorescent lamp "line" increases, a weight-penalty is in- 
curred and with 74. high-wattage lamps; used "in one 
cabin, this penalty can no longer be ignored. 

Kb standard preheat -fluorescent light . installed < uncon- 
ventional circuitry therefor can be. made to . start , at' a 
rate that can be properly designated "instantaneous," for. 
a noticeable period, of time, elapses '. between -closing of 
the circuit and incandescence of the : lamp. 

This invention provides a fluorescent lighting ;system 
and circuitry which, although its lamps consist, as. usual, 
of a sealed transparent, tube containing a "rare,, atmos- 
pheric" gas under low pressure, with the inner- surface . 
. of the wall of the tube coated with a: phosphor to -trans- 
form the ultra-violet radiations \ of its electric arc into 
visible light, nonetheless removes the aforestated and 
other deficiencies of fluorescent Hgths; when *: used " in 
transport, or high altitude, aircraft. - 

The present unit comprises one or moTe such lamps 
and associated appurtenances configured . in "close" cir- 
cuit therewith. What : ever . specific form the . electrical 
configuration may take, it essentially includes an electrical 
ballast and a reactor in series, the lamp being connected 
in parallel with one of the aforementioned units in this : 
series circuit. The param atric values . of the ballast and 
capacitor are made such that the, reactances of. the; ballast 
and the . reactor are rendered -equal so that the series- 
combinatibn will resonate at the usual frequency of the 
A.C. source, which. is of the order. 6f 40Q . c.pa/ When 
the lamp's switch is closed, this , resonant circuit permits 
sufficient current to : flow through the filaments 1 of the 
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. lamp to suddenly raise their * temperature, . while v a volt- 
age large enough to arc the lamp, through the pres^ 
surized gas therein is, by this same resonance phenom- 
enon, generated across the capacitor. . The result is sub- 
6 stantially instantaneous starting in - all circumstances ex- 
. cept with extremely low voltage and in ambient tem- 
. peratures below — 40 0 F. The • electrical bal last . mem- 
ber, whether it be an . inductance or a capacitor, ; there- 
after acts to. limit the current . flowing to the lamp, 
10 whereas the. reactor^ either, a capacitor or. an- inductance 
permits continuance of the filament heating. . 
' y<ATgrounded "plate," which may be the ^alteredr reflector 
/or the frame of the lamp or metallic foil adhered- to, the 
f tube, is disposed in closer proximity to the lamp than 
15 ;the conventional reflector or . frame and ,is: -otherwise 
• sp: constructed, and .configured as to .serve .to lower. the 
: starting., voltage; ; required, , as wellcas to .stabilize low ; 
voltage operation .and low temperature: starting and 
operation.: It is .believed: that :the incorporation of. 
20 this "plate " isets up a ground, reference plane very close 
to: the rear atmospheric gases ;in > the tube :in :such a ; . man- 
ner . as to thereby create .greatei- ionization, in these gases: 
This augmented ionization 'e nabies ■ lower- voltage -starting 
and starting .. at . Ipwer .iambient : temperatures ;.thatt. ; p^r^^ 
25jvise possible. -V V " : !S— ^> 

. The - device- may. be employed . for: dimming.: service :l?y;' 
the - incorporation therewith; '.. in. ;the usual . manner,, of the 
standard - variable . autcntransf ormer for varying the .ch> 
cuit .terminal voltage. 
30 . The circuit terminal voltage is non-critical and 'the.. 

fUamen ts !are continuously ;heated,, prolonging -the; lamp 
. life, whichvis of the order: 'of -10,000 hours with .3,000 
"starts."/. 'No "starter" is incorporated, obviating. starter 
trouble and starter replacements. When 'the lamp fails, 
35 it does so sharply, ; instead of ffickering : in : the usual man- 
.ner. 

Despite these . advances, the weight-penalty imposed 
. is small, compared to that incurred in increasing the; 
wattage of conventional fluorescent lamps. For exam- 
40 pie, compared to. the latter there are, in the present 
lamp and system, 1, 3, 4 and 6 ounce, penalties, re- 
spectively, in increasing the wattage to 8, 15, 20 and 25 
watts and no weight penalty at all at the' 6 watt capacity. 
: There is a 3 ounce weight saving in the present 30 
45 watt circuit. 
: . pther improved features and advances achieved ; by 
..the invention, will either be made manifest, or become 
apparent,;hereinafter. 
In. order : to render these* and' other concepts more 
. 60 concrete, several : of the presently preferred : embodiments 
thereof are shown in the- accompanying , drawing and 
are described •hereinafter in conjunction therewith, 
f In these . drawihgs,..Fig. l is a . diagrammatic viewof , 
that form of the present invention in which the fluorescent ; 
65 lighting circuit utilizes a lagging .power factor; '■'>',-.'. 
Fig. / 2 is a similar view- in which the fluorescent - light- : 
. ... ing circuit employs, a leading power factor; '[ 

f Fig: 3 is a similar view in which a primming capacitor 
.is incoriporated /into the circuitry . of Fig. 1; 
60 Fig. 4 : shows this trimming . capacitor employed' in . 
the circuitry of Fig; 2; ... 
. Fig. 5 illustrates the circuitry of Fig. 1 as applied to 
" a : plurality of .lamps in "bank", arrangement; . 

.Fig. 6 depicts = the circuitry - of . Fig. 2 applied; to a 
65 r plurality of : lamps, the bank including means ' for ^stabi- 
lizing operation; and also including an ionizing" con--. 
. denser, that affords smoother; dimming with higher dim- 
. : : . ming.-.ratio? by virtue . of the higher ionizing potential. 

iestabiished by the additional condenser;- and ^. ^ 
' ^ Tig\ 1 is . a diagram. of ;circuitry that includes .an ■■ioniz- 
ing condenser for smoother '"dimming"/^ 
dimming ratios. . ! , . 

Version: 2.0.0.29 ' " 



2,928,854 

3 

The unit shown in Fig. 1 includes an A.C. source 
12, one "pole" 12A of which is grounded. The A.C. 
frequency is preferably 400 c.p.s. Connected in series 
with the "output 1 * or positive, pole of the source, by 
means of a conductor path 12B, is an inductive ballast 5 
13 having a coil 14 and a core, not shown. Further in 
series with the source 12 is a capacitor 17. 

The lamp, including the usual tube 18, is shunted 
across the conductor path 12B between the ballast 13 
and the capacitor 17, the positive filament, or anode, 19, 10 
being series-connected in 12B at this intermediate point 
and the negative filament, or "hot" cathode 20, being 
connected in 12B intermediate the capacitor 17 and the 
pole 12A of the source. 

An ionization-augmenting plate 22, which may be the 15 
reflector or frame of the lamp, is disposed in close prox- 
imity to the one side of the lamp and is connected by 
a ground-wire 23 to the grounded leg of the conductor 
path 12B. It seems that the plate 22 serves as a "ground 
reference" plane for the rare atmospheric gases in the 20 
tube and otherwise augments the ionization therein. The 
augmented ionization minimizes the starting voltage nec- 
essary and also enables instantaneous "starts" at very 
low ambient temperatures. The effect of plate 22 be- 
comes more marked as the original ionizing potential 25 
across the lamp decreases and also as the gas becomes 
less "active" at lowered ambient temperatures. The 
closer the element 22 is placed to the lamp, the better 
the "low-end" operation of the lamp. The invention 
contemplates that 22 may take the form of a strip of 30 
metallic foil coating one side of the lamp which is 
grounded, as well as taking one of the aforementioned 
forms. 

Electric current flow through the lamp is preferably 
initiated by passing a current through the filaments and 85 
thus permitting application of a materially smaller volt- 
age between them to vaporize the mercury and effect a 
gaseous electric discharge between electrodes. This is 
designated the "cathode pre-beat" type of lamp. It is con- 
ducive to, longer electrode life, for during the conven- a0 
tional cold start, some of the electrode surface material 
is "boiled" off by the arc, whereas in the present instance 
no such damage occurs, since both electrodes soon reach 
a temperature of 950° C. At such elevated temperature, 
the electrode readily emits copious quantities of thermi- 
onic radiation, or electrons, which substantially instantly 45 
effect a gaseous electric discharge in the. lamp. 

It is preferred that the lamp tube be coated, on its 
inner surface, with some well-known phosphor or phos- 
phorescent compound which produces a "warm-white" 
light. 50 

The conventional 30 watt ballast is of the auto trans- 
former type, but ballast 13 is, in contrast, a series choke 
ballast, preferably rated as 95-1 00/ mh. and 600 ma., 
for the present resonant-start circuit. Preferably, for the 
present lamp when rated at 30 watts, the capacitor 17 has 55 
a rating of 1.75 microfarads. 

This circuit can be constrained to afford dimming by 
means of having the voltage across it varied by the in- 
corporation of a well-known variable auto-transformer 
in the conventional hook-up, if desired. By virtue of 60 
the resonance, the lamp dims "instantaneously" through- 
out its range. It can be instantly extinguished while very 
dim and relit instantly at this same level. 

The proportions of the lagging and leading power factor 
circuits can readily be so chosen that the system power 65 
factor can be easily corrected, or rendered equal to unity. 

Because of the ability to employ an unconventionally 
high power source freiquency, it is feasible to operate 
the lamp at 8-10% higher currents than in conventional, 
giving about 8-10% more light output than usual. 70 

The lagging power factor has been found to have al- 
most linear dimming characteristics when used with the 
present lamps, especailly those that have seen service, that 
is, have "aged" 
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of the invention, such as that illustrated in Fig. 2, a lead- 
ing, instead of a lagging, power factor A.C source, 12C, 
is employed. Also, the positions and functions in the 
circuit of the capacitor and the inductance aforemen- 
tioned are, here, reversed, the capacitor device 17 now 
being disposed between the lamp's input terminal and 
the A.C. source and serving as a ballast device, while 
the inductance device 13 is constrained to serve as an 
inductive reactor. Otherwise, the configuration is the 
same. The ballasting capacitor 17. limits the current re- 
ceived by the lamp so that the resulting current leads 
the terminal voltage. Thus, for a 20 watt unit, for ex- 
ample, the circuit has a leading power factor of the 
order of .500. The other characteristics of this unit are 
the same as for the lagging power factor unit except that 
in Fig. 2 the inductive power factor is not so low. How- 
ever, this second species of unit, having a low leading- 
power factor is capable of correcting the system's power 
factor if it lags too much. 

An equal amount of each of the circuit capacity and 
arrangeemnt of Figs. 1 and 2 is contemplated as feasible 
for use, so as to produce unity power factor, or the lead- 
ing power factor species could be so combined with the 
"lagging" species as to correct an overly-lagging power 
factor of the system. 

It is to be noted that the unit or circuitry of Fig, 2 
possesses a non-linear dimming characteristic as con- 
trasted to the substantially linear dimming propery of 
that of Fig. 1; however, in Fig. 2 the age, or extent of 
use of the lamp plays a smaUer role, in low-level lamp 
operation, than it does in the aforesaid circuit with a 
lagging power factor. 

Another embodiment of the invention is shown in Fig. 
3. Here, the system is substantially the same as that of 
Fig. ' 1 with the inclusion of a capacitor 24 for enabling 
the establishment of a highly tuned resonant circuit dur- 
ing lamp pre-arcing conditions while preventing passage 
of excessive current through the electrodes '19 and 20. 
oouBjdnpui airj si juauoduioo OAnonpm. Xruo aqj 'aran 
13, and the two capacitors coact to form the main ca- 
pacitative components of the system. It is accordingly 
unnecessary to enlarge the capacitor 17, for such would 
afford excessive current flow through the electrodes. 
Instead, the needed "extra" capacitance for effecting an 
unusually highly tuned resonant circuit . is supplied by 
capacitor 24, in Fig. 3, which capacitor cannot have any 
detrimental effect upon the electrodes, such as arcing 
and burning out. . However, the combination 13 to 24, 
inclusive, is here so designed that their components re- 
main far enough away from mutual resonance as to fail 
to "pull" a large current when the lamp is being removed 
or when a filament burns out. 

Fig. 4 shows a system essentially like that of Fig. 3 so 
far as the additional capacitor is concerned, but the cir- 
cuitry is otherwise like that of Fig. 2; that is, the induc- 
tance 13 and capacitor 17 are here in the Fig. 2 positions. 

In Fig. 5, the specific circuitry of Fig. 3 is shown as 
employed to operate a plurality, or a bank, of the lamps 
18 arranged in series, each of the lamps being provided 
with a grounded reflector 22, a single "trimming" capaci- 
tor 24 being employed for all three lamps. "Instantane- 
ous" starting of all these lamps, simultaneously, is as- 
sured by this circuitry, for the generic reasons set forth 
hereinabove. 

In Fig. 6, the principle of Fig. 4 is shown as employed 
to effectuate substantially instantaneous starting of a plu- 
rality of lamps, 18, arranged in series as a "bank." In 
addition, however, the negative filament or electrode of 
the one lamp is connected to the positive filament of the 
next lamp by a condenser, 40, in each of the legs of the 
connecting conductor, path. Condensers 40 constitute 
means setting up an operation:Stabilizing circuit for the 
lamps that becomes quite effective upon completion of 
the starting phase. 

The circuitry of Fig. 7, by incorporating a capacitor 26. 
*2*" 0~ 0**29' 22 ^ negative lamp-electrode 20, 
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establishes an ionization augmenting potential difference 
between the electrodes 19, 20 and reflector 22, so as to 
afford smoother dimming action, while exhibiting still 
higher dimming ratios. That is, capacitor 26 raises the 
potential of electrode 20 with respect to plate,22 in effect- 
ing the aforesaid augmentation of ionization. 

Whatever variant of the basal circuits of Figs. 1 and 2 
may be employed, therefore, the invention requires that 
the particular circuit ( 1 ) be such as to establish a resonant 
condition therein prior, to the actual arcing of the lamp, 
preferably by impressing the generated voltage across one 
of the resonating reactors in circuit across the lamp elec- 
trodes and (2) to supply a ballasting series impedance 
for the lamp during the lamp's post arcing period. The 
invention also provides - means to heat the lamp filaments 
by passage of current therethrough in conjunction with 
arc-impingement thereon, in order to smooth out the op- 
eration of the circuit and the lamp during starting and 
dimming of the lamp. 

Although certain shapes, compositions and parameters 
have been recited in describing various embodiments of 
the invention, it is to be definitely understood that such 
were employed only to render the description more con- 
crete and that they in no wise limit the scope of the in- 
vention except as required by the sub-joined claims. 
I claim: ■ . ■ - 

i; A "starter-and-running" circuit for fluorescent-light- 
ing, comprising: a source of electrical energy having a 
predetermined frequency; at least one conductor path in 
circuit therewith; a pair of lamp electrodes connected in 
series in said conductor path; and a plurality of reactor- 
means . mutually interconnected in said . conductor path 
and connected with the electrodes, with the frequency- 
response characteristics of said means so correlated, with 
reference to each other and to the frequency of said 
source as to render their reactances equal and resonant 
with said source for instantaneous starting; at least one of 
said reactor-means having impedance-characteristics, so 
arranged and correlated with said source and with the 
remainder of the circuitry as to ballast the operation of 
the light after starting there being a tuning condenser 
shunted across said plurality of reactor means. and dis- 
posed electrically anterior to said electrodes. 

2. A circuit for fluorescent lighting, ..comprising: a 
source of electrical energy, having a predetermined fre- 
quency; a conductor path in circuit therewith; a pair of 
lamp electrodes in said path and connected in series with 
the source; a plurality of reactor-means mutually inter- 
connected in said conductor path with the frequency-re- 
sponse characteristics of said means so correlated with 
: reference to each other and to the frequency of. said 
source as to render their reactances equal and resonant 
with said source; a first one of said reactor-means being 
an inductance electrically interposed in said conductor 
path in series with said electrodes and a second one of 
said reactor-means being a capacitor interposed in said 
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conductor path electrically anterior to said electrodes; 
there being a tuning capacitor shunted across said con- 
ductor path in parallel with the first and second ones of 
said reactor-means, and said tuning capacitor being d!s- 
5 posed electrically anterior to said electrodes. : 

3. A "starter-and-runn:ng" circuit for , fluorescent- 
lighting, comprising: a source. of electrical. energy, having 
a. predetermined, frequency; a conductor, path in circuit 
therewith; at least one pair of lamp electrodes connected 

10 in series in said conductor path; and a plurality of reac- 
tor-means mutually interconnected in said conductor path 
and connected with the electrodes with the frequency-re- 
sponse characteristics of said means so correlated with 
reference to each other and to the frequency of said 
15 source as to render their reactances equal and resonant 
with said source for instantaneous starting; there being a 
tuning condenser shunted across said plurality of reactor 
means and disposed electrically anterior to said elec^ 
. trodes; one of said, reactor means being. an inductance 
20 electrically interposed in said . conductor path, in series 
with said electrodes and another of said reactor-means 
being a capacitor electrically interposed in said conductor 
path electrically anterior to said electrodes. 

4. A "starter-and-running" circuit for fluorescent- 
25 lighting, comprising: a source of electrical energy having 

a : predetermined frequency; a conductor path in circuit 
therewith; at least one pair of lamp electrodes connected 
in series in said conductor path; and a plurality of reac- 
tor-means mutually interconnected in said conductor path 
30 and connected with the electrodes with the. frequency- ■ 
. response characteristics of said means so correlated with 
reference to each other and to the frequency of said 
source as to render their reactances equal and resonant 
with said source for instantaneous starting; at least ope 
35 of said reactor-means having impedance-characteristics 
so arranged and correlated with said source and. with the 
remainder of the: circuitry as to ballast the operation of 
the light atfer starting; there being a tuning condenser 
shunted across said plurality of reactor means and dis- 
40 posed electrically anterior to said electrodes; one of said 
reactor means being an inductance electrically interposed 
in, said conductor :path in series with said electrodes and 
, another of said reactor means being a capacitor electri- 
cally interposed in said . conductor path electrically an- 
45 terior to said electrodes. 
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